Cross-linker 1 synthesis (Scheme 1):
1-(5-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)-2-nitrophenyl)ethan-1-one (S3).
To a solution of 5-hydroxy-2-nitroacetophenone (2.46 g, 13.6 mmol) and ethylene glycol 2-azidoethyl ether tosylate (4.36 g, 13.2 mmol) in DMF (15 mL) was added potassium carbonate (3.77 g, 27.3 mmol), and the suspension was heated to 75˚C. After 18 hours, the solution was concentrated in vacuo and partitioned between CH 2 Cl 2 (40 mL) and NaHCO 3 (20 mL). The organic layer was washed with NaHCO 3 (3 x 10 mL), dried over Na 2 SO 4 , filtered, and concentrated in vacuo to produce 4.30 g (96% crude) of S3 as a dark brown oil that was taken on without further purification:
1 H NMR (500 MHz, Scheme S1
DMSO-d6) δ 8.14 (d, J = 9.1 Hz, 1H), 7.21 (dd, J = 2.8 Hz, 9.1 Hz, 1H), 7.19 (d, J = 2.8
Hz, 1H), 4.29 (m, 2H), 3.79 (m, 2H), 3.59 (m, 6H), 3.38 (m, 2H), 2.53 (s, 3H).
1-(5-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)-2-nitrophenyl)ethan-1-ol (S4).
To a solution of S3 (4.12 g, 12.2 mmol) in MeOH (30 mL) stirring in an ice bath was added sodium borohydride (723 mg, 18.7 mmol) in portions. After 2 hours, the solution was concentrated in vacuo and partitioned between CH 2 Cl 2 (30 mL) and brine (20 mL). The organic layer was washed with NaHCO 3 (3 x 10 mL), dried over Na 2 SO 4 , filtered, concentrated in vacuo, and purified via flash chromatography (2:1 ethyl acetate :
petroleum ether) to afford 3.63 g (88 %) of S4 as a yellow oil: 1 H NMR (500 MHz, 
Cross-linker (1).
To a solution of S4 (1.88 g, 5.51 mmol) and 4-nitrophenyl chloroformate (1.65 g, 7.86 mmol) in CH 2 Cl 2 (21 mL) was added triethylamine (1.50 mL, 10.8 mmol). After stirring for 24 hours, CH 2 Cl 2 (30 mL) was added and the solution was washed with NaHCO 3 (20 mL), dried over Na 2 SO 4 , filtered, concentrated in vacuo, and 
General bioconjugate protocol (Scheme 2):
Bioactive, amino-group containing compounds were first reacted in slight excess with
Cross-linker 1 in organic solvents such as methylene chloride or dimethylformamide and trimethylamine. In cases where the starting material was insoluble, a dimethylsulfoxide/aqueous buffer mixture was used.
Carbonate intermediates were subsequently reacted with an alkyne functionalized oligonucleotide via the copper catalyzed azide alkyne cycloaddition (CuAAC) reaction using published procedures.
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In brief, equal volumes of alkyne functionalized oligonucleotide (410 uM in PBS) and activated carbonate (1 mM in DMSO) were mixed.
A solution of copper sulfate (10 equivalents, 20 mM in water) and tris(3-hydroxypropyltriazoylmethyl)amine (THPTA) (50 equivalents, 50 mM in water) were separately mixed together and added to the reaction mixture. Lastly, a solution of sodium ascorbate (120 equivalents, 100 mM) was added and the reaction was stirred overnight.
The reaction was subsequently purified via HPLC (TSKgel OligoDNA RP column, Tosoh Bioscience) using a gradient from 1:19 to 3:2 acetonitrile : 100 mM ammonium acetate over 30 minutes.
Scheme S2
Glutamic Acid Conjugate. To a solution of cross-linker 1 (322 mg, 637 µmol) and Lglutamic acid di-tert-butyl ester hydrochloride (217 mg, 734 µmol) in CH 2 Cl 2 (6 mL) was added triethylamine (570 µL, 4.09 mmol). After stirring for 48 hours, CH 2 Cl 2 (25 mL) was added and the solution was washed with NaHCO 3 (2 x 15 mL). The combined aqueous layers were washed with CH 2 Cl 2 (2 x 10 mL). The combined organic layers were dried over Na 2 SO 4 , filtered, concentrated in vacuo, and purified via flash chromatography (1:2 ethyl acetate : petroleum ether) to afford 383 mg of a yellow oil. Biotin bioconjugate. To a solution of cross-linker 1 (103 mg, 204 µmol) and biotinamine (100 mg, 234 µmol) in CH 2 Cl 2 (1 mL) and DMF (1 mL) was added triethylamine (150 µL, 1.08 mmol). After stirring for 2 hours the solvent was removed with a stream of air. CH 2 Cl 2 (25 mL) was added and the solution was washed with NaHCO 3 (15 mL).
The aqueous layer was washed with CH 2 Cl 2 (10 mL). The combined organic layers were dried over Na 2 SO 4 , filtered, concentrated in vacuo, and purified via flash chromatography Design and assembly of DNA nanostructures. Nanostructures were designed using caDNAno. 4 Single stranded M13mp18 bacteriophage DNA was prepared as described previously. 5 All oligonucleotides were purchased from Integrated DNA Technologies (IDT) and used with no additional purification. Creation of nanostructures was performed by first heating a solution containing a final concentration of 40 nM m13 scaffold DNA and 200 nM of each staple in a folding buffer containing 5 mM Tris, 1 mM EDTA, and 20 mM MgCl 2 to 80°C, followed by cooling from 80°C to 60°C over 80 minutes, and then from 60°C to 24°C over 48 hours. Removal of excess staple strands was accomplished by three rounds of precipitation with polyethylene glycol solutions.
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Pellets were re-dissolved in 5 mM Tris, 1 mM EDTA, and 16 mM MgCl 2 .
Cavity functionalization. Nanostructures were mixed with 70 equivalents of oligo bioconjugates (5 equivalents per handle, with 14 handles in the cavity interior) and incubated overnight at 40°C and subsequently purified by at least two rounds of PEG precipitation 6 .
Gel electrophoresis. Reaction solutions were electrophoresed on 1.5% agarose gels containing 0.5x TBE, supplemented with 10 mM MgCl 2 . DNA dye SybrSafe was mixed with gel solutions before loading onto the gel. The gel box was submerged in an ice water bath to prevent excessive heating.
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